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(57) ABSTRACT

A solvent separator includes an introduction member which
introduces a mixture including chlorine containing organic
solvent and water; a separation unit including a separation
member made of a water-repellent and/or lipophilic porous
material, which carries out the separation of the mixture; a
water drainage member through which water separated by
the separation unit 1s discharged; and a solvent drainage
member through which the chlorine containing organic
solvent separated by the separation unit 1s discharged. Also,
a method and a device for treating waste liquid are provided
by which chlorine containing organic solvent present in
waste liquid 1s selectively separated, decomposed by a
photocatalyst, and converted into a harmless substrate.

14 Claims, 10 Drawing Sheets



U.S. Patent Nov. 9, 2004 Sheet 1 of 10 US 6,814,875 B2

FIG. 1A

FIG. 1B




U.S. Patent Nov. 9, 2004 Sheet 2 of 10 US 6,814,875 B2

FIG. 2
l 2 /J_
3 4
5
FIG. 3
20
14 '
11 = T

1 O
d | KOS
N\ 2& L X




U.S. Patent Nov. 9, 2004 Sheet 3 of 10 US 6,814,875 B2

F1G. 4A

Y P Y )

L e ey S S 29
20~ Rl B e b b ),
24

FIG. 4B




U.S. Patent Nov. 9, 2004 Sheet 4 of 10 US 6,814,875 B2

FIG. 5

32 40
. J4

Iilliﬂ’g“l*ﬂl'll“f& o« N
LR A Y (Ao N -m“m
TR TR N LT oL X 33
X LI TN T
S n vy iy vlyew
=1 tII-'“".v‘I“ lull.*t,l#“

i"b#‘lllil

= a

IO )

|r""‘""_‘ '
1 }1 1§

‘o N

Y
9

L] ! -
-"' -

*2%p
» I'Tifll

‘"
oSl

-

AN W
i
N

X
'.‘ =
e,

',

s-:g d
N
l ] ]

95 90

FIG. 6

02
60 20

" " 42 46 43

-

I‘:'.J:i-

"L
s

o]
44

S
-F i
RS

a® _!
O ._.‘.9;4.!

41



U.S. Patent Nov. 9, 2004 Sheet 5 of 10 US 6,814,875 B2

FIG. 7

01 6o 6/
64 60

i

—

‘&

)

10

63

-3y ¥ F T ¥'N § ! 7T R X X T ¥ 3 §F 1" 3T7% % T [ F R ¥ % T R X ¥ T VO F FEFERWw ¥ ¥ FF OF EF T T F_EKE

{5769 b8



U.S. Patent Nov. 9, 2004 Sheet 6 of 10 US 6,814,875 B2

FIG. &




US 6,814,875 B2

Sheet 7 of 10

Nov. 9, 2004

U.S. Patent

. - .. i
e¥e 08 o ¥
s0p00.Y | h

B9 2@ g TrTE V- L —— A 3

0989099 !
100005008
A

» R A T R AT Y
A " i . N N M. W e, ", S "W . O T V. W i




US 6,814,875 B2

Sheet 8 of 10

Nov. 9, 2004

FIG. 10

U.S. Patent

_
N .
h- A /
N AL T RO T R Y A O LAY
PSRN RATHEEAR LA HU X RSN IE S PHE T et hd )
: . It AT TR 1t
e B A R L T R PN Rnl] Rl W Rl R LY ) .l‘._-_-;ll_'l-._l.l TrY g
P A A b X RO ISt L AR HE b, \
NN g &
= - l.|-|.h..ﬂ.l.
]

= .h..l..l... - ..—“ . |..|...l.|..a|.ﬂ.l. -y l._ll. .l._IIl.. el _Ju 3N Tl WX B '
__..-. - ‘.I ..“..-_'l.l -..l l‘..—rl‘:‘“- “i._.“-_-_-.‘ml..“...ﬂ. Eu"__._u_-__'.“...l_r,.l,,r..-.“.....' ul.— -...._ __-_.l-..l.u_l- L Lo “__
A A L TR L A AT SR IS b Y AR LS i St I Y LR R A2 T AT T

\

O W
. E

ﬁ__ll.l

010 0




U.S. Patent Nov. 9, 2004 Sheet 9 of 10 US 6,814,875 B2




U.S. Patent

Nov. 9, 2004

Sheet 10 of 10 US 6,814,875 B2

F1G. 12

WASTE LIQUID

S10
UV SOURCE
STANDBY
”P:::Illlllllllll
LIMIT SENSOR >106

DETECT ION

UV SOURGE ON

PUMP ON

AERATION
VESSEL SENSOR

ON

S106°

YES
WASTE LIQUID PUMP OFF

5104 AIR PUNP ON

S107 5108

AIR PUMP OFF

5109
EM VALVE ON

3110
EM VALVE OFF

ST11

AIR PUMP ON

WASTE
LIQUID VESSEL
LOWER LIMIT
SENSOR ON

5112

NO

ES 5113

AIR PUMP ON

WASTE
LIQUID VESSEL
UPPER LIMIT
SENSOR ON

S114

NO YES



US 6,314,875 B2

1

METHOD AND DEVICE FOR TREATING
WASTE LIQUID, SOLVENT SEPARATOR,
AND CLEANING DEVICE USING THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and a device for
treating waste liquid, solvent separator and a cleaning or a
dry cleaning device using the device or the separator. More
specifically, the present 1nvention relates to a method and a
device for treating a waste liquid by which a chlorine
containing organic solvent present in the exhaust gas or
waste liquid generated during a process using a chlorine
containing organic solvent, such as trichloroethylene used in
a metal part washing device, or tetrachloroethylene used 1n
a dry cleaning device, 1s selectively separated, decomposed
by a photocatalyst, and made harmless. The present inven-
tion also relates to a solvent separator which may be used for
selectively separating/collecting an organic solvent contain-
ing chlorine from a waste liquid, and a cleaning or a dry
cleaning device using such a device or solvent separator. The
solvent separator of the invention possesses an excellent
processing efficiency.

2. Description of Related Art

Chlorine containing organic solvents have been widely
used because they are excellent cleaning agents due to their
superior cleaning properties, stability, and non-flammability.

Recently, since the chlorine containing organic solvents
are considered to be hazardous air pollutants and designated
as the priority controlled substances, self-regulated
substances, etc., 1n air pollution control laws, various
attempts have been made, such as one utilizing an adsorption
method using activated carbon or a heat vaporization treat-
ment method, to decrease the amount of chlorine containing
organic solvents contained in the waste liquid or exhaust gas
dischareed from cleaning devices, such as dry cleaning
devices, to within the emission standard value (for example,

0.1 mg/L of tetrachloroethylene in Japan) defined in the
Water Pollution Control Law.

In an adsorption method using activated carbon, 1t 1s
necessary to replace the activated carbon when the adsorp-
fion capacity of the activated carbon 1s saturated. However,
it 1s difficult to determine when the activated carbon has lost
its adsorption capacity. Also, 1t 1s necessary for the user to
dispose of the adsorption-saturated activated carbon as des-
ignated waste, or to recycle 1t after subjecting it to a
desorption-regeneration process using water vapor.
Accordingly, the use of activated carbon 1s mefficient and
g1ves rise to extra costs.

On the other hand, by using a heat vaporization treatment
method, the concentration of chlorine containing organic
compounds 1n waste liquid can be decreased to within
emission standard values by vaporizing the waste liquid.

However, according to this method, there 1s the problem
that the treatment efficiency 1s decreased when the concen-
tration of the chlorine containing organic compounds in
waste liquid 1s low. Also, since the vaporized chlorine
containing organic compounds are emitted to the air without
being decomposed, there 1s a problem that the amount of
chlorine containing organic compounds 1n the exhaust gas
discharged 1n the environment cannot be substantially con-

trolled.

Also, since regulations relating to the emission of chlorine
containing organic compounds have been made 1ncreasingly
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2

stringent, there 1s demand for a method and a device for
freating waste liquid having an excellent decomposition
efficiency.

In addition, since water 1s usually contained 1n the waste
liquid discharged from a cleaning device, such as a dry
cleaning device, 1t 1s necessary to separate the water from
the waste liquid 1n order to collect the chlorine containing
organic solvent. Conventionally, methods in which the dif-
ference 1n specific gravity between a chlorine containing
organic solvent and water 1s utilized to separate the chlorine
containing organic solvent from water have been generally
employed. When aqueous waste liquid containing water and
a chlorine containing organic solvent 1s left to stand 1n a
container, water and the solvent are separated 1in two layers
and the chlorine containing organic solvent whose specific
oravity 1s larger than water constitutes the lower layer. The
chlorine containing organic solvent present in the lower
layer 1s discharged and separated from the water.

However, 1if the chlorine containing organic solvent 1s
dispersed and present 1n waste liquid 1n a fine particle state,
it 1s difficult to achieve perfect separation of the solvent and
some of the solvent remains 1n the water. Also, 1f the waste
liquid 1s collected and addition and discharge of the waste
liquid are carried out repeatedly 1n a recovery container, the
chlorine containing organic solvent and water, which have
been separated 1n two layers, are again mixed and dispersed,
and then discharged 1n the dispersed state. Accordingly, by
using a conventional separation method which utilizes the
difference 1n specific gravity between a chlorine containing
organic solvent and water, 1t 1s not possible, or at least
difficult, to decrease the concentration of chlorine containing
organic compounds 1n the waste liquid to a level satisfying
the above-mentioned emission standards.

Moreover, since the laws for regulating discharge of the
above-mentioned chlorine containing organic compounds
are becoming increasingly stringent, there 1s a demand for a
method and a device for treating waste liquid having a better
separation efficiency have been awaited.

SUMMARY OF THE INVENTION

The present invention takes 1nto consideration the above-
mentioned circumstances, and has an object of providing a
method for treating waste liquid 1n which a solvent separa-
fion process 1s 1ncorporated 1n a series of processes for
decomposing chlorine containing organic solvent present in
waste liquid so that the treatment efficiency 1s improved and
the emission of secondary by-products such as chlorine gas
1s decreased. The present 1invention also provides a device
which 1s used for the above-mentioned method, and a
cleaning or a dry cleaning device using the device for
treating waste liquid, which are capable of automating the
above-mentioned series of processes. In addition, the present
invention provides a solvent separation device capable of
selectively separating and collecting chlorine containing
organic solvents, especially, finely dispersed chlorine con-
taining organic solvents, contained 1n waste liquid waith
excellent processing efficiency.

The above objects may be achieved by a solvent separator
including: an introduction member which introduces a mix-
ture comprising chlorine containing organic solvent and
water; a separation unit comprising a separation member
made of a water-repellent and/or lipophilic porous material,
which carries out the separation of the mixture; a water
drainage member through which water separated by the
separation unit 1s discharged; and a solvent drainage mem-
ber through which the chlorine containing organic solvent
separated by the separation unit 1s discharged.
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The present mnvention also provides a solvent separator
including: an introduction member which introduces a mix-
ture comprising chlorine containing organic solvent and
water; a separafion unit comprising a separation member
made of a water-repellent and/or lipophilic porous material,
which carries out the separation of the mixture; a water
drainage member through which water separated by the
separation unit 1s discharged; a supply member which sup-
plies air to the separation unit to vaporize the chlorine
containing organic solvent; and an exhaust member through
which the air supplied by the supply member and/or vapor-
1zed chlorine containing organic solvent 1s discharged.

In accordance with another aspect of the invention, the
shape of the separation member 1s a film, plate, tube,

container, or granules.

The present invention also provides a dry cleaning device
including the above-mentioned solvent separator.

The above objects may also be achieved by a method for
treating waste liquid including the steps of: carrying out a
solvent separation process 1n which chlorine containing
organic solvent present in the waste liquid 1s separated;

carrying out a vaporization treatment process 1n which a part
of the chlorine containing organic solvent remains in the
waste liquid after the solvent separation process 1S vapor-
1zed; carrying out a photooxidation-decomposition process
in which gases vaporized from the waste liquid are subjected
to a photooxidation-decomposition treatment; and carrying
out an after-treatment process 1n which decomposition prod-
uct gases produced by the photooxidation-decomposition
treatment are converted into a harmless substrate.

In accordance with another aspect of the invention, the
decomposition product gases are adsorbed, and/or absorbed,
and neutralized i1n the after-treatment process to be con-
verted 1nto a harmless substrate.

In yet another aspect of the invention, the solvent sepa-
ration process 1s performed prior to the vaporization treat-
ment process.

In yet another aspect of the invention, the waste liquid 1s
made to contact a separation member made of a water-
repellent and/or lipophilic porous member so that the chlo-
rine containing organic solvent present in the waste liquid 1s
adsorbed by the separation member 1n the solvent separation
Process.

In yet another aspect of the invention, the vaporization
treatment process 1s performed by using an acration method.

In yet another aspect of the invention, the vaporization
treatment process further includes a step of vaporizing the
chlorine containing organic solvent adsorbed by the sepa-
ration member.

The above objects may also be achieved by a waste liquid
treatment device, including: a solvent separation unit which
separates chlorine containing organic solvent present in
waste liquid; a vaporization treatment unit which vaporizes
a part of the chlorine containing organic solvent which 1s not
separated by the solvent separation unit and remains in the
waste liquid; a photooxidation decomposition processing,
unit which photooxidizes and decomposes gases vaporized
from the waste liquid by the vaporization treatment unit; an
after-treatment unit which converts decomposition product
gases produced by the photooxidation-decomposition pro-
cessing unit mto a harmless matter; and a control unit
including a sequencer which controls an operation of the
solvent separation unit, the vaporization treatment unit, the
photooxidation decomposition processing unit, and the
alter-treatment unit.

In accordance with another aspect of the invention, the
after-treatment unit adsorbs, and/or absorbs, and/or neutral-
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4

1zes the decomposition product gases 1n order to convert the
decomposition product gases into a harmless substance.

The present mvention also provides a cleaning device
including the above-mentioned waste liquid treatment
device.

The present invention also provides a dry cleaning device
including the above-mentioned waste liquid treatment
device.

BRIEF DESCRIPTION OF THE DRAWINGS

Some of the features and advantages of the invention
having been described, others will become apparent from
the detailed description which follows, and from the accom-
panying drawings, 1n which:

FIGS. 1A through 1D are schematic diagrams showing,

separation units made of a porous material which may be
used 1n embodiments of the present invention;

FIG. 2 1s a diagram showing a cross-sectional view of a
solvent separator according to an embodiment of the present
mvention;

FIG. 3 1s a diagram showing a cross-sectional view of a
solvent separator according to another embodiment of the
present 1nvention;

FIG. 4A 15 a diagram showing a cross-sectional view of a
solvent separator according to yet another embodiment of
the present invention, and FIG. 4B 1s a diagram showing a
side view of the solvent separator shown 1n FIG. 4A;

FIG. 5 1s a diagram showing a cross-sectional view of a
solvent separator according to yet another embodiment of
the present mvention;

FIG. 6 1s a diagram showing a waste liquid processing,
device of a dry cleaning device in which the solvent sepa-
rator according to an embodiment of the present invention 1s
employed;

FIG. 7 1s a schematic diagram for explaining a waste
liquid treatment device according to an embodiment of the
present 1nvention;

FIG. 8 1s a diagram showing a schematic perspective view
of a waste liquid treatment device according to another
embodiment of the present invention;

FIG. 9 1s a diagram showing a schematic elevational view
of the waste liquid treatment device shown 1n FIG. 8, some
parts of which are shown 1n perspective;

FIG. 10 1s a diagram showing the side view of the waste
liquid treatment device shown in FIG. 8, some parts of
which are shown in perspective and 1n cross-sectional;

FIG. 11 1s a diagram showing a schematic plan view of the
waste liquid treatment device shown 1n FIG. 8, some parts
of which are shown 1n perspective; and

FIG. 12 1s a flowchart for explaining the operation of the
waste liquid treatment device according to an embodiment
of the mvention.

DETAILED DESCRIPTION OF THE
INVENTION

The ivention summarized above and defined by the
enumerated claims may be better understood by referring to
the following detailed description, which should be read
with reference to the accompanying drawings. This detailed
description of particular preferred embodiments, set out
below to enable one to build and use particular implemen-
tations of the invention, 1s not intended to limit the enumer-
ated claims, but to serve as particular examples of the
invention.
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The solvent separator according to an embodiment of the
present 1nvention includes, as mentioned above, an intro-
duction member which introduces a mixture including a
chlorine containing organic solvent and water; a separation
unit including a separation member made of a water-
repellent and/or lipophilic porous material, which carries out
the separation of the mixture; a water drainage member
through which the water separated by the separation unit 1s
discharged; and a solvent drainage member through which
the chlorine containing organic solvent separated by the
separation unit 1s discharged. Further, the solvent separator
according to another embodiment of the present invention
includes an mtroduction member which mtroduces a mixture
including a chlorine containing organic solvent and water; a
separation unit including a separation member made of a
water-repellent and/or lipophilic porous material, which
carries out the separation of the mixture; a water drainage
member through which the water separated by the separation
unit 1s discharged; a supply member which supplies air to the
separation unit to vaporize the chlorine containing organic
solvent; and an exhaust member through which the air
supplied by the supply member and/or vaporized chlorine
containing organic solvent 1s discharged.

The porous material used for the separation member
according to an embodiment of the invention may be made
of a sintered compact of a water-repellent and/or lipophilic
polyolefine type resin or fluororesin. Examples of the poly-
olefine type resin include polyethylene (hereinafter abbre-
viated as “PE”), polypropylene (hereinafter abbreviated as
“PP”), and ultrahigh molecular weight polyethylene
(hereinafter abbreviated as “UHPE”). Also, examples of the
fluororesin include polytetrafluoroethylene (hereinafter
abbreviated as “PTFE”). It is preferable to use UHPE having
an average molecular weight between about 100,000 and
5,000,000 as the resin forming the porous material according
to the present 1nvention.

Moreover, the porous material used 1n the present inven-
fion has continuous pores, and the pore size thercof is
preferably between about 10 and 300 um, and more prefer-
ably between about 20 and 100 yum. The ratio of vacancy of

the porous material 1s preferably about 5-50%, and more
preferably about 10-30%.

As shown 1 FIGS. 1A through 1D, the separation mem-
ber used 1n the present invention may be in the shape of a
film, plate, tube, container, or granule.

The size of the separation member of the film or plate
shape shown 1n FIG. 1A, of the tubular shape shown 1n FIG.
1B, and of the container shape shown i FIG. 1C may be
suitably determined in accordance with the size of the
solvent separator used. It 1s preferable that the thickness of
the separation member be about 2—10 mm, more preferably
be about 5—10 mm.

The separation members shown 1n FIG. 1D have a cylin-
drical shape having an outer diameter of about 1-10 mm,
and a length of about 3—10 mm.

When a mixture of water and a chlorine containing
organic solvent makes contact with the surface of the
separation member, the chlorine containing organic solvent
1s adsorbed on the surface of the separation member and
diffused into the separation member due to 1ts surface
tension. Also, since the separation member 1s made of a
water-repellent and/or a lipophilic resin, water cannot per-
meate the mside thereof, and therefore, it becomes possible
to separate the chlorine containing organic solvent from the
walter.

The separation member of the invention 1s capable of
adsorbing chlorine containing organic solvents, the amount
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of which corresponds to the weight of the separation mem-
ber. Accordingly, the amount of the separation member used
may be suitably determined 1n accordance with the expected
amount of the chlorine containing organic solvents to be
freated 1n one process.

Next, the solvent separator according to an embodiment
of the present invention will be described 1 detail with

reference to FIGS. 2 through 5.

FIG. 2 1s a diagram showing a cross-sectional view of a
solvent separator according to an embodiment of the present
ivention.

The solvent separator 10 1n FIG. 2 includes a vessel 1, an
introduction member 2, a separation unit 3, a water drainage
member 4, and a solvent drainage member 5. The 1troduc-
tion member 2 introduces waste liquid discharged from a
cleaning device, such as a dry cleaning device, into the
vessel 1. The mtroduction member 2 may be disposed at the
upper portion of the vessel 1. The separation unit 3 includes
a separation member which may be made of a porous
material, and separates waste liquid into water and chlorine
containing organic solvents. The separation unit 3 1s placed
in the vessel 1. The water drainage member 4 discharges
water, which has been separated by the separation unit 3,
from the vessel 1. The water drainage member 4 may be
disposed at a side portion of the vessel 1 at a position higher
than the position of the separation unit 3. The solvent
drammage member 5 discharges the solvent, which has been
separated by the separation unit 3, from the vessel 1. The
solvent drainage member 5 may be disposed at a side or
bottom portion of the vessel 1 at a position lower than the
position of the separation unit 3.

The vessel 1 may be a container in the shape of cylinder,
square pole, etc. and may be made of, as a raw material, a
polyethylene type resin, a fluororesin, or a stainless steel
having excellent corrosion resistance properties, chemical
resistance properties and so forth. Also, 1t 1s possible to use
a container having an inner surface covered by such a resin
or a stainless steel, as the vessel 1. The size of the vessel 1
may be suitably determined based on the amount of solvents
treated.

For the introduction member 2, the water drainage mem-
ber 4, and the solvent drainage member §, a tube made of a
polymeric material, such as a fluororesin, a polyester type
resin, or a nylon type resin, or a metal, such as a stainless
steel, having an excellent corrosion resistance properties and
chemical resistance properties may be utilized. Also, it 1s
possible to use a tube having an inner surface covered by
such a resin or a metal, for the introduction member 2, the

water drainage member 4, and the solvent drainage member
5.

The separation unit 3 includes a separation member which
1s formed by a porous material of a film or plate shape
having the thickness of about 2—-10 mm. The size of the
separation member may be suitably determined 1n accor-
dance with such factors as the amount of solvents treated or
the size of the solvent separator 10.

When waste liquid 1s introduced 1nto the vessel 1 via the
introduction member 2 and makes contact with the separa-
fion member of the separation unit 3, only chlorine contain-
ing organic solvents contained in the waste liquid are
adsorbed by and permeate through the separation member of
the separation unit 3. The chlorine containing organic sol-
vent 1s then discharged from the vessel 1 through the solvent
drainage member 5 which 1s disposed at the lower portion of
the solvent separator 10. On the other hand, water and/or a
chlorine containing organic solvent dissolved i1n water,
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which does not permeate through the separation member of
the separation unit 3, 1s discharged from the vessel 1 via the
water drainage member 4.

The solvent separator 10 may be suitably used for cases
where a chlorine containing organic solvent 1s separated by
utilizing a difference in speciiic gravity.

FIG. 3 1s a diagram showing a cross-sectional view of a
solvent separator according to another embodiment of the

mvention.

In FIG. 3, a solvent separator 20 includes a vessel 11, an
introduction member 12, a separation unit 13, and a drainage
member 14. The introduction member 12 1s used to supply
air for vaporizing a chlorine containing organic solvent
which 1s discharged from a cleaning device, such as a dry
cleaning device. The introduction member 12 may be dis-
posed at the upper portion of the vessel 11. The separation
unit 13 includes a separation member which may be made of
a porous material, and separates the waste liquid 1nto water
and a chlorine containing organic solvent. The separation
unit 13 1s disposed in the vessel 11. The drainage member 14
1s to discharge water or chlorine containing organic solvent,
which 1s separated by the separation unit 13, from the vessel
11. The drainage member 14 may be disposed so as to start
at a location near the bottom of the vessel and pass through
the top thereof.

The vessel 11 may be a container in the shape of cylinder,
square pole, etc. and may be made of, as a raw material, a
polyethylene type resin, a fluororesin, or a stainless steel
having excellent corrosion resistance properties, chemical
resistance properties, etc. Also, 1t 15 possible to use a
container having an inner surface covered by such a resin or
a stainless steel, as the vessel 11. The size of the vessel 11
may be suitably determined based on the amount of solvent
treated.

For the mtroduction member 12, and the drainage mem-
ber 14, a tube made of a polymeric material, such as a
fluororesin, a polyester type resin, or a nylon type resin, or
a metal, such as a stainless steel, having excellent corrosion
resistance properties and chemical resistance properties may
be utilized. Also, 1t 1s possible to use a tube having an inner
surface covered by such a resin or a metal, for the 1ntro-
duction member 12, and the drainage member 14.

The separation unit 13 includes a separation member
which 1s formed by a porous material of a cylindrical
ogranular shape having a diameter of about 1-10 mm and a
length of about 3—10 mm. The separation member may be
added to the vessel 11 and the amount thereof may be
suitably determined in accordance with such factors as the
amount of solvent treated or the size of the vessel 11.

When waste liquid 1s imntroduced 1nto the vessel 11 via the
introduction member 12 and makes contact with the sepa-
ration member of the separation unit 13, only the chlorine
containing organic solvent contained 1n the waste liquid 1s
adsorbed by the separation member of the separation unit 13.
Water and/or a chlorine containing organic solvent still
dissolved 1n the water are discharged from the vessel 11 via
the drainage member 14.

After discharging the water and/or chlorine containing
organic solvent dissolved in the water, air 1s supplied to the
separation member via the introduction member 12 in order
to vaporize the chlorine containing organic solvent adsorbed
by the separation member and to discharge 1t through the
drainage member 14. In this manner, the discharge of the
gasified chlorine containing organic solvent is completed,
and the separation member of the separation unit 13 1s
regenerated. After this, 1t becomes possible to reuse the
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separation member and adsorb chlorine containing organic
solvent, the amount of which corresponds to the weight of
the separation member, when waste liquid 1s introduced 1nto
the vessel 11 via the introduction member 12.

Although 1t 1s possible to use untreated atmospheric air
and supply it through the mtroduction member 12 in order
to vaporize and discharge chlorine containing organic
solvent, it 1s preferable to dry or heat the air prior to
supplying 1t to the vessel 11 in order to enhance the
vaporization efficiency. When applying heat to the air, 1t 1s
preferable to heat the air to a temperature equal to or higher
than the boiling temperature of the chlorine containing
organic solvent to be collected.

Since the solvent separator 20 according to this embodi-
ment of the invention collects the chlorine containing
organic solvent by adsorbing it onto the separation member
and then vaporizing it, 1t becomes possible to collect the
chlorine containing organic solvent efficiently. Also, the
separation member may be easily regenerated for its next
use.

FIG. 4A 15 a diagram showing a cross-sectional view of a
solvent separator according to another embodiment of the
present invention. FIG. 4B 1s a diagram showing a side view
of the solvent separator shown 1n FIG. 4A.

In FIGS. 4A and 4B, a solvent separator 30 includes a
vessel 21, an introduction member 22, a supply member 23,
a separation unit 24, a water drainage member 25, and a
solvent exhaust member 26. The introduction member 22 1s
to introduce waste liquid discharged from a cleaning device,
such as a dry cleaning device, 1nto the vessel 21. The supply
member 23 supplies air to the separation unit 24 1n order to
vaporize chlorine containing organic solvent. The separation
unit 24 includes a separation member which may be made of
a porous material, and separates the waste liquid 1nto water
and a chlorine containing organic solvent. The water drain-
age member 25 discharges water which 1s separated from the
waste liquid. The solvent exhaust member 26 discharges
chlorine containing organic solvent which has been vapor-
1zed. Also, the vessel 21 has a structure 1n which 1t 1s divided
into an 1nner vessel 27 and an outer vessel 28 by the
separation unit 24.

The vessel 21 may be a container of cylindrical shape and
made of, as a raw material, a polyethylene type resin, a
fluororesin, or a stainless steel having excellent corrosion
resistance properties, chemical resistance properties etc.
Also, 1t 1s possible to use a container having its inner
surfaces covered by such a resin or a stainless steel, as the
vessel 21. The size of the vessel 21 may be suitably
determined based on the amount of solvent treated.

For the introduction member 22, the supply member 23,
the water drainage member 25, and the solvent exhaust
member 26, a tube made of a polymeric material, such as a
fluororesin, a polyethylene type resin, or a nylon type resin,
or a metal, such as a stainless steel, having excellent
corrosion resistance properties and chemical resistance
properties may be utilized. Also, 1t 1s possible to use a tube
with an 1nner surface covered by such a resin or a metal, for
the introduction member 22, the supply member 23, the

water drainage member 25, and the solvent exhaust member
26.

The separation unit 24 includes a separation member
which 1s made of a porous material of cylindrical shape
having a thickness of about 2-10 mm. The size of the
separation member may be suitably determined 1n accor-
dance with such factors as the size of the vessel 21, however,
it 1s preferable to use one having a longer length 1n order to
increase the contact area with the solvent.
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When waste liquid 1s mtroduced 1nto the inner vessel 27
of the vessel 21 via the introduction member 22 and makes
contact with the separation member of the separation unit
24, only the chlorine containing organic solvent contained in
the waste liquid 1s diffused 1nto and permeates through the
separation member of the separation unit 24 to reach the
outer vessel 28. When the chlorine containing organic
solvent makes contact with air which 1s supplied to the outer
vessel 28 via the supply unit 23, the chlorine containing
organic solvent 1s vaporized and discharged via the solvent
exhaust member 26.

Although 1t 1s possible to use untreated atmospheric air
and supply it through the supply member 23 1n order to
vaporize the chlorine containing organic solvent and dis-
charge 1t outside the vessel 21, 1t 1s preferable to dry or heat
the air prior to supplying it to the vessel 21 in order to
enhance the vaporization efficiency. When applying heat to
the air, 1t 1s preferable to heat the air to a temperature equal
to or higher than the boiling temperature of the chlorine
containing organic solvent to be collected.

Since the solvent separator 30 according to this embodi-
ment of the mnvention 1s capable of continuously carrying out
the introduction of waste liquid, the separation,
vaporization, and discharge of the chlorine containing
organic solvent, the discharge of water and/or chlorine
containing organic solvent dissolved 1n water, and the regen-
eration of the porous material which constitutes the separa-
tion unit 24, 1t 1s possible to efficiently carry out the
separation of chlorine containing organic solvent.

FIG. § 1s a diagram showing a cross-sectional view of a
solvent separator according to another embodiment of the
present mvention.

In FIG. §, a solvent separator 40 includes a vessel 31, an
introduction member 32, a separation unit 33, a solvent
cxhaust member 34, a water drainage member 35, and a
supply member 36. The introduction member 32 introduces
waste liquid discharged from a cleaning device, such as a dry
cleaning device, 1into the vessel 31. The introduction mem-
ber 32 may be disposed at the upper portion of the vessel 31.
The separation unit 33 includes a separation member which
may be made of a porous material, and separates the waste
liquid into water and a chlorine containing organic solvent.
The separation unit 33 1s placed in the vessel 31. The solvent
exhaust member 34 discharges a chlorine containing organic
solvent, which 1s separated by the separation unit 33, from
the vessel 31. The solvent exhaust member 34 may be
disposed at a side portion of the vessel 31 at a position higher
than the position of the separation unit 33. The water
drainage member 35 discharges water and/or a chlorine
containing organic solvent dissolved i water, which are
separated by the separation unit 33, from the vessel 31. The
water drainage member 35 may be disposed at a side or
bottom portion of the vessel 31 at a position lower than the
position of the separation unit 33. The supply member 36
supplies air to the separation unit 33 1n order to vaporize the
chlorine containing organic solvent. The supply member 36
may be disposed at a side portion of the vessel 31 at a
position lower than the position of the separation unit 33.

The vessel 31 may be a container in the shape of a
cylinder, square pole, etc. and may be made of, as a raw
material, a polyethylene type resin, a fluororesin, or a
stainless steel, which has excellent corrosion resistance
properties, chemical resistance properties and so forth. Also,
it 1s possible to use a container having an inner surface
coated by such a resin or a stainless steel, as the vessel 31.
The size of the vessel 31 may be suitably determined based
on the amount of solvent treated.
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For the introduction member 32, the solvent exhaust
member 34, the water drainage member 35, and the supply
member 36, a tube made of a polymeric material, such as a
fluororesin, a polyethylene type resin, or a nylon type resin,
or a metal, such as a stainless steel having excellent corro-
sion resistance properties and chemical resistance properties
may be utilized. Also, 1t 1s possible to use a tube having its
surface covered by such a resin or a metal, for the intro-
duction member 32, the solvent exhaust member 34, the
water drainage member 35, and the supply member 36.

The separation unit 33 includes a separation member
which 1s formed by a porous material in the shape of
cylindrical granules having a diameter of about 1-10 mm
and a length of about 3—10 mm. The separation member may
be filled 1n the vessel 31 and the amount thereof may be
suitably determined in accordance with such factors as the
amount of solvent treated or the size of the vessel 31.

When waste liquid 1s introduced 1nto the vessel 31 via the
mtroduction member 32, it may be dispersed onto the
ogranular separation member from the top of the vessel 31 so
that the chlorine containing organic solvent in the waste
liquid may be easily diffused into the separation member,
which constitutes the separation unit 33, from the surface
thereof. When the waste liquid makes contacts the separa-
tion member, only the chlorine containing organic solvent
contained 1n the waste liquid 1s adsorbed by the separation
member of the separation unit 33. Water, which 1s not
adsorbed by the separation member, and/or chlorine con-
taining organic solvent still dissolved 1n water are dis-
charged via the water drainage member 35. Also, when air
1s supplied to the separation unit 33 via the supply member
36 which 1s disposed at the lower portion of the vessel 31,
the chlorine containing organic solvent adsorbed by the
porous materials which forms the separation unit 33 1s

vaporized and discharged via the solvent exhaust member
34.

Although 1t 1s possible to use untreated atmospheric air
and supply 1t to the separation member 33 via the supply
member 36 1n order to vaporize the chlorine containing
organic solvent and discharge 1t outside the vessel 31 1t 1s
preferable to dry or heat the air prior to supplying 1t into the
vessel 31 1n order to enhance the vaporization efficiency.
When applying heat to the air, it 1s preferable to heat the air
fo a temperature equal to or higher than the boiling tem-
perature of the chlorine containing organic solvent to be
collected.

Since the solvent separator 40 according to the embodi-
ment of the mnvention is capable of continuously carrying out
the 1ntroduction of waste liquid, the separation,
vaporization, and discharge of the chlorine containing
organic solvent, the discharge of water and/or chlorine
containing organic solvent dissolved 1n water, and the regen-
eration of the porous material which constitutes the separa-
tion umit 33, it 1s possible to efficiently carry out the
separation of chlorine containing organic solvent.

FIG. 6 1s a diagram showing a waste liquid processing,
device of a dry cleaning device in which the solvent sepa-
rator according to an embodiment of the present invention 1s
employed. In FIG. 6, the solvent separator 20 shown 1n FIG.
3 1s used 1n the waste liquid processing device of a dry
cleaning device.

The waste liquid processing device of the dry cleaning
device 1n this embodiment includes the solvent separator 20
of the present invention, a waste liquid tank 41, a photo-
oxidation decomposition processing unit 42, an after-
treatment unit 43, and a vaporization treatment unit 60. The
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waste liquid tank 41 1s used to temporarily store waste liquid
discharged from the dry cleaning device. The photooxida-
fion decomposition processing unit 42 photooxidizes and
decomposes the chlorine containing organic solvent which
has been separated and vaporized by the solvent separator

20).

Next, a process for treating a waste liquid using the
above-mentioned waste liquid processing device will be
described as follows.

First, waste liquid discharged from the dry cleaning
device 1s collected and stored in the waste liquid tank 41.
Then, the waste liquid 1s introduced 1nto the solvent sepa-
rator 20 via a waste liquid supply member 44 and the
introduction member 12. The chlorine containing organic
solvent which 1s dispersed 1n the waste liquid 1s adsorbed by
the separation member of the separation unit 13, which is
made of a porous material, and water and/or chlorine con-
taining organic solvent still dissolved in the water are
discharged to the vaporization treatment unit 60 via the
drainage member 14. Compressed air 1s supplied into an
acration vessel 51 through a compressed air supply member
52 of the vaporization treatment unit 60 1n order to vaporize
the chlorine containing organic solvent contained in the
waste liquid. The vaporized solvent 1s then introduced mto
the photooxidation decomposition processing unit 42 via the
drammage member 14, the solvent separator 20, the 1ntroduc-
fion member 12, and the vaporized gas supply member 435.
Also, the chlorine containing organic solvent, which has
been adsorbed by the separation member, 1s vaporized by the
compressed air supplied from the compressed air supply
member 52, and 1s introduced into the photooxidation
decomposition processing unit 42 via the introduction mem-
ber 12 and the vaporized gas supply member 45. The
vaporized chlorine containing organic solvent 1s photooxi-
dized 1n the photooxidation decomposition processing unit
42, and decomposition product gases containing chlorine
gas generated by a photooxidation decomposition reaction
are 1ntroduced 1nto the after-treatment unit 43 via a decom-
position product gas supply member 46 so that the gases are
absorbed, adsorbed, neutralized, and converted into non-
toxic salts in the after-treatment unit 43.

An acration method 1s used in the above-mentioned
vaporization treatment unit 60. As shown 1n FIG. 6, the
vaporization treatment unit 60 includes the drainage member
14, the compressed air supply member 52, an air diffuser
member 53, and a drainage outlet 54. The drainage member
14 introduces waste liquid discharged from the solvent
separator 20 1nto the aeration vessel 51 and discharges
solvent gases which have been subjected to an aeration
process. The compressed air supply member 32 1s used to
supply compressed air. The air diffuser member 53 1s used
to disperse the compressed air 1in the waste liquid. The
drainage outlet 54 discharges drainage which has been
subjected to the aeration process.

In this specification, the term “waste liquid” may mean a
fluid to be treated, which 1s introduced 1nto the waste liquid
processing device of the present invention to be rendered
nontoxic. On the other hand, the term “drainage” may mean
a treated fluid, which has been subjected to a process of the
waste liquid processing device to be rendered nontoxic.

The size of the aeration vessel 51 may be suitably
determined 1n accordance with the amount of a fluid to be
treated, and the aeration vessel 51 may be made of, as a raw
material, a polymeric material, such as a fluororesin or a
polyethylene type resin, or a metal, such as a stainless steel,
having excellent corrosion resistance properties, chemical
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resistance properties, and water-repellent properties. Also, 1t
1s possible to use a container having mner surfaces coated by
such a resin or a metal, for the aeration vessel 51.

Moreover, an agitation device of jet type, propeller type,
ctc. may be disposed in the aeration vessel 51 1n order to
increase the aeration efficiency.

Further, as a source for compressed air which 1s supplied
from the compressed air supply member 52 and 1s used for
the aeration process, one which 1s generally employed 1n the
cleaning industry or washing industry may be utilized.

In addition, the vaporized gas supply member 45 may be
made of a polymeric material, such as a fluororesin, a
polyethylene type resin, or a nylon type resin, having an
excellent corrosion resistance properties, and which 1s con-
nected to the photooxidation decomposition processing unit

42.

The photooxidation decomposition processing unit 42
includes a photocatalyst reaction unit and an artificial light
irradiation unit, which are disposed 1n a gas passage duct
through which the vaporized gas supplied from the vapor-
1zed gas supply member 45 passes. Photocatalyst granules,
which carry out the photooxidization and decomposition of
organic materials 1n a gas, are contained 1n the photocatalyst
reaction unit. The artificial light irradiation unit includes an
ultraviolet light source which irradiates ultraviolet rays onto
the photocatalyst granules.

An example of the above-mentioned photocatalyst gran-
ules 1s a mixture of an 1norganic powder, which adsorbs
chlorine containing organic gases or chlorine gases, and
photocatalyst particles.

Examples of the above-mentioned inorganic powder
include, for mstance, powders of calcium silicate, calcium
carbonate, sodium carbonate, lime, kaolin clay, wallastnite,
talc, nepheline-sinite, zeolite, and activated carbon. These
may be used singularly or in mixtures of two or more.

Examples of the above-mentioned photocatalyst particles
include these which may be activated by the irradiation of
light, for example, intravital ultraviolet, and enhance the
photooxidation decomposition reaction of organic com-
pounds which make contact with the photocatalyst particles.
More concrete examples of such photocatalyst include Ti0.,,
CdS, SrT10,, and Fe,O,. In particular, use of Ti0O.,, which
has an excellent performance and 1s obtainable at a low cost,
1s most preferable.

The content of the photocatalyst particles with respect to
the above-mentioned photocatalyst granules 1s about 10-95
wt. %, preferably about 3070 wt. %, and more preferably
about 40-60 wt. %. If the content of the photocatalyst
particles 1s less than 10 wt. %, the photooxidation decom-
position capacity 1s decreased and there 1s a danger that
chlorine containing organic gases may be discharged with-
out being decomposed. If the content of the photocatalyst
particles 1s greater than 95 wt. %, the ability of the photo-
catalyst granules to adsorb and retain chlorine containing
organic gases 15 decreased and, when chlorine containing
organic gases are rapidly introduced at high concentrations,
there 1s the danger that the chlorine containing organic gases
will not be captured and will be discharged without being
decomposed.

Also, among the above-mentioned photocatalyst granules,
those subjected to a compression molding process to be
granular shape are suitably used. Examples of the shapes of
the photocatalyst granules include spheres, barrels, short
rods, ovoid, and tablets (i.e., a cylinder-like shape).
Moreover, 1t 1s possible to form holes in the photocatalyst
ogranules or projection on the surfaces thereof.
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The particle size of the above-mentioned photocatalyst
granules 1s about 1-20 mm, and preferably about 2—10 mm.
Also, the average particle size of the above-mentioned
photocatalyst granules 1s about 4-8 mm, and preferably
about 5—7 mm. If the particle size 1s less than 1 mm, the
photocatalyst granules may be clogged and the amount of
gas passing through the photocatalyst reaction portion
decreases. Accordingly, the photooxidation decomposition
eficiency tends to decrease. If the particle size of the
photocatalyst granules exceeds 20 mm, the specific surface
area (1.e., the surface area per unit weight) of the photocata-
lyst granules decreases, and the light irradiated from an
ultraviolet light source may not reach the center of the gas
passage tube. Accordingly, the light receiving efficiency of
the photocatalyst granules decreases, and hence, the photo-
oxidation decomposition etficiency also tends to decrease.

The after-treatment unit 43 may be made of, as a raw
material, a polyethylene type resin, a fluororesin, or a
stainless steel having excellent corrosion resistance proper-
fies. Also, 1t 1s possible to use a container having inner

surfaces coated by such a resin or a metal, for the after-
treatment unit 43.

Agents for absorbing, and/or adsorbing, and/or neutraliz-
ing decomposition product gases, which are supplied by the
decomposition product gas supply member 46, are provided
with the after-treatment unit 43.

Examples of the above-mentioned agents include, for
instance, alkali 1on containing water which i1ncludes at least
one selected from the group consisting of calctum sulfite,
calclum silicate, sodium carbonate, sodium bicarbonate,
sodium thiosulfate, calcium carbonate, lime, ammonia,
caustic soda, sodium bicarbonate; alkali 1on water, and
water.

The state of the above-mentioned agents 1s not limited to
the liquid phase, and may be a powdery fluidized bed or a
mixture of the two.

In the waste liquid processing device having the above-
mentioned structure, gases including chlorine containing
organic gas, which are vaporized from waste liquid by the
vaporization treatment unit 60, are photooxidized and
decomposed by the photooxidation decomposition process-
ing unit 42, and the decomposition product gas mcluding
chlorine gas thus produced 1s converted 1nto nontoxic salts
by the after-treatment unit 43. Accordingly, it becomes
possible to decrease the amounts of drainage discharged
after treatment, chlorine containing organic materials con-
tained 1n the exhaust gas, and chlorine containing gases
which are secondary by-products, to be within the emission
standard values, and hence, the present invention may
contribute to the prevention of environmental pollution.

Also, since the chlorine containing organic materials
contained 1n the waste liquid discharged from such devices
as a dry cleaning device are first vaporized 1n the vaporiza-
tion treatment unit 60 and then subjected to a photooxidizing
decomposition process in the photooxidation decomposition
processing unit 42, it becomes possible to increase the
photooxidation decomposition efficiency and to decrease the
time or expenses required by the process, as compared with
a case where waste liquid 1s directly subjected to a photo-
oxidation decomposition process.

Moreover, since a mixture of an inorganic powder, which
adsorbs chlorine containing organic gases or chlorine gases,
and photocatalyst particles 1s used as the photocatalyst
oranules, and chlorine containing organic gases are sub-
jected to the photooxidation decomposition process in the
state of bemng adsorbed and retained by the photocatalyst
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oranules, the photooxidation decomposition efficiency 1is
enhanced and undecomposed chlorine containing organic
materials are not discharged outside the photooxidation
decomposition processing unit 42.

Next, a concrete embodiment of the present invention will
be described. However, 1t 1s to be understood that this 1s for
the purpose of 1llustration only and that various changes and
modifications may be made without departing from the
scope of the 1nvention.

In this embodiment, the solvent separator 20 shown 1n
FIG. 3 was employed. Also, 1n the solvent separator 20, a
container having an outer diameter at its bottom surface of
80 mm and a height of 140 mm and having the shape of
cylinder was used as the vessel 11. Moreover, a separation
unit made of a porous material comprising a sintered com-
pact of UHPE having an average molecular weight of
between 100,000 and 5,000,000 was put mto the vessel 11.
The porous material had a pore size of 10-300 um, and a
vacancy ratio of 10-50%. As the introduction member 12
used to mtroduce air for vaporizing the chlorine containing
organic solvent i1solated from waste liquid or drainage, a
nylon tube having an inner diameter of 4 mm and an outer
diameter of 6 mm was employed. Also, as the drainage
member 14 for discharging drainage from which the chlo-
rine containing organic solvent has been 1solated, or vapor-
1zed chlorine containing organic solvent, a tube made of
polytetrafluoroethylene having an inner diameter of 4 mm
and an outer diameter of 6 mm was utilized.

In addition, a vaporization treatment device (not shown in
the figures) having an aeration vessel was used in order to
carry out an aeration process for waste liquid from which the
chlorine containing organic solvent had been 1solated in the
solvent separator 20).

Waste liquid (10 L) having a perchloroethylene (a chlo-
rine containing organic solvent, hereinafter abbreviated as
PCE) concentration of 200 mg/l was introduced into the
solvent separator 20 and contacted the porous material. After
that the PCE concentration of the waste liquid was mea-
sured. The results are shown in the row denoted “after
solvent separation process” 1n Table 1.

Then, the aeration process was carried out for 60 minutes,
during which the aeration amount and the internal pressure
of the aeration vessel were maintained at 20 L/min and 2
ke/cm?, respectively. The PCE concentration of the waste
liquid was measured every 15 minutes.

On the other hand, the PCE concentration of the waste
liqguid was also measured, for comparison, for the case
where only the aeration process was carried out, and the
solvent separator 20 was not used.

Results are shown 1n Table 1 below.

TABLE 1

PCE conc. (mg/l) with
the solvent separator

PCE conc. (mg/l) w/o
the solvent separator

Stock solution 200.00 200.00
After solvent 87.50 —
separation process

Aecration time (min.)

0 87.50 200.00
15 0.50 5.00
30 0.10 7.00
45 0.04 1.75
60 0.02 0.43

It can be seen from the results shown 1n Table 1 that the
PCE concentration was significantly decreased when the
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waste liquid, which had been treated 1n the solvent separator
20, was subjected to the aeration process as compared to the
case where the waste liquid was subjected to the aeration
process only and untreated in the solvent separator 20.
Therefore, the results indicate that almost all the PCE which
was dispersed 1n the waste liquid 1n an undissolved fine
particle state, was adsorbed by the separation unit made of
a porous material 1n the solvent separator 20 of the present
invention.

FIG. 7 1s a schematic diagram for explaining a waste
liquid treatment device according to an embodiment of the
present invention.

In FIG. 7, the waste liquid treatment device includes a
solvent separation unit 61, a waste liquid supply line 62, a
vaporization treatment unit 63, a vaporized gas supply line
64, a photooxidation decomposition processing unit 65, a
decomposition product gas supply line 66, an after-treatment
unit 67, and a control unit 68. In FIG. 7, the direction of the
flow of chlorine containing organic solvent 1s indicated by
arrows. The solvent separation unit 61 may be connected to
the vaporization treatment unit 63 either directly or via the
waste liquid supply line 62. Also, a drainage line for
discharging drainage which has been subjected to an aera-

tion process 1s connected to the vaporization treatment unit
63.

Moreover, the solvent separation unit 61 1s connected to
the photooxidation decomposition processing unit 65 via the
vaporized gas supply line 64, and the photooxidation
decomposition processing unit 635 1s connected to the after-
treatment unit 67 via the decomposition product gas supply
line 66. Further, a line for discharging air containing non-
harmful water vapor and carbon dioxide emitted from the
alter-treatment unit 67 1s connected to the after-treatment
unit 67. The control unit 68 controls the solvent separation
unit 61, the vaporization treatment unit 63, the photooxida-
tion decomposition processing unit 65, and the after-
treatment unit 67.

As mentioned above, the solvent separation unit 61 may
be disposed apart from the vaporization treatment unit 63. In
this embodiment, however, the solvent separation unit 61 1is
disposed 1n the pathway before the front portion of the
vaporization treatment unit 63, and selectively adsorbs the
chlorine containing organic solvent which 1s dispersed 1 a
fine particle state 1n waste liquid. In the next step, waste
liquid which contains the chlorine containing organic sol-
vent which has not been adsorbed by the solvent separation
unit 61 1s subjected to a vaporization treatment during an
acration process 1n the vaporization treatment unit 63. The
vaporized gas containing vaporized chlorine containing
organic gas which 1s generated in this process passes through
the solvent separation umit 61 again. The vaporized gas
vaporizes the chlorine containing organic solvent which has
been adsorbed by the solvent separation unit 61 as 1t passes
through the solvent separation unit 61, and all of these
vaporized gases are introduced into the photooxidation
decomposition processing unit 65 via the vaporized gas
supply line 64. Then, the vaporized gases are photooxidized
and decomposed by the photooxidation decomposition pro-
cessing unit 65, and decomposition product gases containing
chlorine gas generated by the photooxidation-decomposition
reaction are mtroduced into the after-treatment unit 67 via
the decomposition product gas supply line 66 so that the
decomposition product gases are adsorbed, absorbed, and
neutralized 1n the after-treatment unit 67 and converted into
harmless salts. As a final step, a drainage treatment or
exhaust treatment 1s carried out.

Next, a waste liquid treatment device according to another
embodiment of the present invention will be described with

reference to FIGS. 8 through 11.
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FIG. 8 1s a diagram showing a schematic perspective view
of a waste liquid treatment device according to an embodi-
ment of the present invention. FIG. 9 1s a diagram showing
a schematic elevational view of the waste liquid treatment
device shown 1n FIG. 8, some parts of which are shown in
perspective. FIG. 10 1s a diagram showing the side view of
the waste liquid treatment device shown in FIG. 8, some
parts of which are shown in perspective (and may be in
cross-sectional). FIG. 11 is a diagram showing a schematic
plan view of the waste liquid treatment device shown 1n FIG.
8, some parts of which are shown in perspective. In FIGS.
8 through 11, a separation member 72, which 1s formed by

a porous material, 1s contained 1n the solvent separation unit
61.

As shown 1n FIG. 8, the solvent separation unit 61 has a
structure 1n which the separation member 72 including
granular porous materials 1s contained 1n a separation vessel
71 which 1s disposed at the upper portion of an aeration
vessel 70.

The separation vessel 71 has a diameter of about 3—15 cm
and a height of about 3—10 cm. The separation vessel 71 may
be a container of cylindrical shape whose outer diameter 1s
almost equal to the inner diameter of the upper portion of the
acration vessel 70, and whose upper and the lower surfaces
may be 1n a mesh form. The separation vessel 71 may be
made of, as a raw material, a polymeric material, such as a
fluororesin or a polyethylene type resin, or a metal such as
stainless steel, having excellent corrosion resistance
properties, chemical resistance properties, and water-
repellence properties. Also, 1t 1s possible to use a container
made of a stainless steel having inner surfaces coated by
such a resin, for the separation vessel 71.

Examples of the material which forms the separation
member 72 contained 1n the separation vessel 71 include
activated carbon, zeolite, and porous materials, such as a
sintered compact of a water-repellent and/or lipophilic resin,
which are capable of selectively adsorbing chlorine contain-
ing organic solvents 1in a waste liquid. Among them, it 1s
preferable to use a porous material formed by a sintered
compact of a water-repellent and/or lipophilic resin.

The separation member 72 has continuous pores and the
pore size thereof 1s about 10-300 um, preferably about

20~100 yum, and the vacancy ratio thereof 1s 5-50%, prel-
erably about 10-30%.

Also, the shape of the separation member 72 may be
spheres, cylinders, barrels, or rods having a volume of about
1-1,000 mm®.

Moreover, the separation member 72 used in the present
invention 1s capable of adsorbing a chlorine containing
organic solvent in an amount corresponds to the weight
thereof. Accordingly, the amount of the porous material may
be suitably determined based on the amount of chlorine
containing organic solvent expected to be treated in one
Process.

According to this embodiment of the present invention,
waste liquid 1s supplied to the solvent separation unit 61
from the upper central portion of the aeration vessel 70.
When the waste liquid passes through the separation mem-
ber 72, chlorine containing organic solvent 1n a fine particle
state present 1 the waste liquid 1s selectively adsorbed by
the separation member 72.

Note that the solvent separation member 61 1s not limited
to the one mentioned above in which the separation member
72 1n a granular state 1s contained in the separation vessel 71,
and may be formed by a separation member 72 in the shape
of a film, plate, or a grid.
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The size of the separation member 72 1n the shape of a
f1lm, plate, or grid may be suitably determined 1n accordance
with the size of the aeration vessel 70, and the thickness
thereof may be 1n the range between about 0.5 and 10 mm,
preferably 1n a range between about 1 and 3 mm.

Examples of the water-repellent and/or lipophilic resin
which may be used for the separation member 72 include
polyolefln resins, fluororesins, and silicone resins. Examples
of the polyolefin resin include PE, PP, and UHPE, and an
example of the fluororesin 1s PTFE. It 1s preferable to use a
UHPE having an average molecular weight of between
about 100,000 and 5 million as the water-repellent and/or
lipophilic resin used 1n the present invention.

In this embodiment, an aeration treatment unit 1s used as
the vaporization treatment unit 63. As shown 1 FIGS. §
through 10, the aeration treatment unit includes a waste
liquid 1nlet portion 73, a vaporized gas outlet portion 75, a
drainage outlet portion 77, and a compressed air inlet portion
78. The waste liquid inlet portion 73 which 1s used for
introducing waste liquid, the vaporized gas outlet portion 75
which 1s used for discharging gases after the aeration
process, and a gas intake portion (not shown in the figures)
having a check valve may be disposed above the aeration
vessel 70. On the other hand, the drainage outlet portion 77
which 1s used for discharging drainage after the aeration
process, and the compressed air inlet portion 78 which 1s
used for supplying a compressed air may be disposed below
the aeration vessel 70.

The aeration vessel 70 has a diameter of about 3—15 cm
and a height of about 10-30 cm. The aeration vessel 70 may
be a pressure vessel of cylindrical shape, which 1s made of,
as a raw material, a polymeric material such as a fluororesin
or a polyethylene type resin having excellent corrosion
resistance properties, chemical resistance properties, and
water-repellence properties. Also, 1t 1s possible to use a

container having inner surfaces coated by such a resin, for
the aeration vessel 70.

Moreover, an agitation device of jet type, propeller type,
ctc. may be disposed in the aeration vessel 70 1n order to
increase the aeration efficiency.

The waste liquid inlet portion 73 1s connected to a waste
liquid supply unit (not shown in the figures) via a waste
liquid supply line 74.

A waste liquid vessel of the waste liquid supply unit may
be a container having the volume of 20 L or less, which 1s
made of, as a raw material, a polymeric material such as a
fluororesin or a polyethylene type resin, or a metal such as
a stainless steel, having excellent corrosion resistance
properties, chemical resistance properties, and water-
repellence properties. Also, it 1s possible to use a container
made of stainless steel having 1nner surfaces coated by such
a resin, for the waste liquid vessel. Moreover, the drainage
line from the water separator of the cleaning device, such as
a dry cleaning device, 1s connected to the waste liquid vessel
either directly or via a filter for removing dust. Further, a
liquid level sensor for detecting the upper and the lower
limits of the waste liquid may be provided with the waste
liquid vessel.

In addition, a waste liquid supply pump 1s disposed 1n the
above-mentioned waste liquid vessel and supplies waste
liquad to the solvent separation unit 61 from the waste liquid
vessel via the waste liquid supply line 74 and the waste
liquid inlet portion 73 when a signal from the control unit (to
be described below) is received. Also, a check valve is
disposed at the outlet of the waste liquid supply pump so that
the aeration gas does not flowup 1nto the waste liquid vessel
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due to the air pressure 1n the acration process. Note that an
clectromagnetic valve may be used instead of the check
valve. Also, a pump for domestic use, such as one for
drawing water 1n a bath, may be used as the waste liquid
supply pump.

The drainage outlet portion 77 may also function as the
compressed air inlet portion 78, and i1s connected to an
intermediate tube 79 which may function as a drainage tube
as well as a compressed air introduction tube.

Also, as a source for supplying the compressed air which
may be used 1n the aeration process, an air diffusing pump
which may be used for a domestic water tank may be
utilized.

Moreover, 1n order to increase the aeration efficiency, an
air diffusing member 80 comprising an air diffusing tube or
an air diffusing plate may provided with the compressed air

inlet portion 78 at the bottom portion of the aeration vessel
70.

An air pump 81 may be disposed on the acration vessel 70
as a source for supplymg air which 1s used for the aeration
process. The air pump 81 is connected to the compressed air
inlet portion 78 which may be located below the aeration
vessel 70 via a compressed air supply tube 82, a branched
joint 79a connected to the IN side of an electromagnetic
valve 83, and the intermediate tube 79.

As the air pump 81, an air diffusing pump which may be
used for a domestic water tank may be utilized.

A gas 1mtake portion 76 having a check valve may be
disposed at the upper portion of the aeration vessel 70 1n
order to prevent the generation of negative pressure in the
acration vessel 70 during the discharge of the treated
dramage, which may stop the discharge of the dramnage.

The vaporized gas outlet portion 75 1s connected to the
photooxidation decomposition processing unit 65 via the
vaporized gas supply line 64 so that the vaporized gas after
the aeration process may be emitted to the photooxidation
decomposition processing unit 65. Also, the vaporized gas
supply line 64 may be made of a polymeric material such as
a fluororesin, a polyethylene type resin, or a nylon type
resin, having excellent corrosion resistance properties.

The vaporization treatment unit 63 vaporizes the chlorine
contaimning organic solvent adsorbed by the separation mem-
ber 72 when the vaporized gas which has been subjected to
the aeration process passes through the separation member
72, and supplies air including the chlorine containing
organic gas to the photooxidation decomposition processing
unit 65.

Also, the vaporization treatment unit 63, after discharging
the treated drainage from the acration vessel 70, supplies air
by means of the air pump 81 so that the chlorine containing
organic solvent, which was adsorbed by the separation
member 72 but was not completely vaporized 1n the aeration
air, can be vaporized 1n an efficient manner.

As shown 1n FIG. 10, the photooxidation decomposition
processing unit 65 includes a photocatalyst reaction portion
86, artificial light irradiation members 89, and a reflection
board member 90, all of which are disposed 1n a gas flow
line 84 through which a vaporized gas supplied from the
vaporized gas supply line 64 passes. As shown 1n the figure,
photocatalyst granules 85, which photooxidize and decom-
pose the chlorine containing organic materials 1n a gas, are
contained 1n the photocatalyst reaction portion 86. The
artificial light irradiation member 89 includes an ultraviolet
light source 88 for wrradiating ultraviolet rays onto the
photocatalyst granules 85. As shown in FIG. 11, the artificial
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light 1rradiation members 89 are disposed so as to oppose the
photocatalyst reaction portion 86.

The gas flow line 84 includes an inlet portion (not shown
in the figures) located at an upper portion of a gas flow line
connection fixing portion 91 and an outlet portion 84c¢
located at the lower portion thereof. In the gas flow line 84,
three straight tube members 84a are arranged in the same
vertical face with a pitch interval of about 835 mm, and the
adjacent straight tube members 84 are connected to each
other by connection members 92 so as to form a single long
gas passage.

Also, aeration gas supply port 91 a, which 1s connected to
the first straight tube (glass tube) 84a, is disposed at the
upper portion of the gas flow line connection fixing portion
91, and a decomposition product gas discharge port 91b,
which is connected to the third straight tube (glass tube) 844,
1s disposed at the lower portion of the gas tlow line con-
nection {ixing portion 91.

Examples of materials used for making the straight tube
members 84a include those which transmit artificial light,
such as ultraviolet light, or natural light, and transparent
materials, such as borosilicate glass or synthetic resins, may
be employed.

The mner diameter of the straight tube members 844 may
be 1 the range between about 5 and 30 mm, preferably in
the range between about 8 and 16 mm. If the inner diameter
1s smaller than 5 mm, the photooxidation-decomposition
treatment efficiency 1s decreased due to the decrease 1n the
amount of the photocatalyst granules 85 contained in the gas
flow line 84. Also, the system throughput 1s decreased due
to the decrease 1n the gas flow caused by the small diameter
of the straight tube member 844a. If the inner diameter of the
straight tube members 84a exceeds 30 mm, on the other
hand, light 1rradiated from the ultraviolet light source 88 will
scarcely reach the center portion of the straight tube member
84a, and the photooxidation-decomposition treatment efli-
ciency will decrease due to the decrease in the light receiv-
ing efficiency of the photocatalyst granules 835.

Also, the length of the straight tube members 84a 1s
determined to be within the range of about 200—800 mm. It
1s preferable that the length of the straight tube members 84a
be substantially equal to the length of the ultraviolet light
source 88.

In this manner, ultraviolet light from the ultraviolet light
source 88 may be uniformly irradiated onto the photocata-
lyst granules 85 over the entire photocatalyst reaction por-
tion 86.

Also, holding members (not shown in the figures) for
holding the photocatalyst granules 85 1n the straight tube
member 84 are disposed at both ends of the straight tube
member 84. Examples of the materials which can be used for
the holding member include a polymeric material such as a
fluororesin, a polyethylene type resin, or a nylon type resin
having excellent corrosion resistance properties. The mate-
rials used for the holding member should have a structure
which enables a gas flow therethrough, and it 1s preferable
that the diameter thereof be substantially the same as the
inner diameter of the straight line 84a with a thickness of
about 5-30 mm.

Examples of the photocatalyst granules include a mixture
of an morganic powder, which adsorbs chlorine containing
organic gases or chlorine gases, and photocatalyst particles.
Concrete examples of the morganic powder and the photo-
catalyst particles, the amount of the photocatalyst particles
contained 1n the photocatalyst granules 85, and the shape
and the particle size of the photocatalyst granules are
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substantially the same as the ones described above and their
explanation 1s omitted.

The connection member 92 includes a body portion (not
shown in the figures), which connects the end portions of the
straight tube member 84a, a cover portion (not shown in the
figures), which may be attached to the body portion, and an
O-ring (not shown in the figures), which is an annular
scaling member.

The body portion may be a rectangular member having an
opening part 1n which an end portion of the straight tube
member 84a 1s mserted. Gases or air passes through a
passage (not shown in the figures) provided in the body
portion from one of the straight tube member 84a to the
other which 1s iserted in the opening part of the body
portion.

It 1s preferable that the inner surfaces of the passage be
coated by a polymeric material, such as a fluororesin or a
polyethylene type resin, having an excellent corrosion resis-
tance properties, chemical resistance properties, etc., or that
the body portion 1itself be formed by a metal, such as
hastelloy, or a polymeric material, such as a fluororesin, a
polyethylene type resin, or a PPS, having excellent corrosion
resistance properties and chemical resistance properties.

A tapered portion for accommodating the O-ring, which
oradually increases its diameter towards the end of the
opening part, 1s formed at the periphery of the opening part,
and the O-ring 1s disposed between the tapered portion and
the straight tube member 844.

The cover portion includes holes in which the straight
tube member 84a 1s mserted, and 1s attached to the body
portion so as to contact the opening end of the body portion.

The O-ring 1s disposed, as mentioned above, between the
tapered portion and the straight tube member 84a so as to
contact all of the body portion, the cover portion, and the
outside surface of the straight tube member 84a. The O-ring
may be made of an elastic material, such as a rubber, and 1t
1s preferable that the O-ring be 1n an elastically deformed
state being compressed by the body portion and the cover
portion.

Also, the diameter of the opening part at the upper end
side of the main portion and the diameter of the hole of the
cover portion are designed to be larger than the outer
diameter of the straight tube member 844 so that the straight
tube member 84a may be moved 1n 1ts lengthwise direction.

Moreover, the straight tube member 84 1s designed so that
when 1t 1s moved upwards, the lower end of the straight tube
member 84 detaches from the upper face of the cover
member, and the straight tube member 84 may be inclined
in order to allow for easy replacement of the straight tube
member 84a without removing the cover portion. Assuming
that the length of the lower end of the straight tube member
84a which 1s mserted 1nto the cover portion and the body
portion 1s “a”. and the distance between the upper end of the
straight tube member 84a and the furthermost part of the
passage 1n the body portion 1s “b”, these are designed so that

b>a.

Further, a member which 1s smaller than the outer diam-
cter of the straight tube member 84a 1s disposed in the
opening part at the lower end of the body portion so that the
length of the straight tube member 844 which is inserted into
the opening part does not exceed the length “a” and that the
straight tube member 844 1s equally mserted at the upper and
the lower end portions thereof.

As shown 1n FIGS. 10 and 11, the artificial light irradia-
tion members 89 are disposed at the front and the back of the
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photocatalyst reaction portion 86, and include the two ultra-
violet light sources 88 of straight tube shape, which are
disposed at opposite sides of the photocatalyst reaction
portion 86, and a holder 88a of a rectangular plate shape can
be used for holding the ultraviolet light sources 88.

The ultraviolet light sources 88 are disposed vertically so
that the ultraviolet light 1s uniformly irradiated onto the
entire photocatalyst reaction portion 86.

An excimer lamp or a black light commonly used may be
employed as the ultraviolet light sources 88.

The reflection board member 90 1s disposed so as to
surround the photocatalyst reaction portion 86 and the
artificial light irradiation members 89. The reaction board
member 90 1s designed to reflect the light 1irradiated from the
ultraviolet light source 88 in a highly efficient manner in
order to 1rradiate the photocatalyst granules 85. Also, 1t 1s
structured so that the light does not leak from the inside to
the outside. As shown 1n FIG. 11, it 1s preferable that the
reflection board member 90 be disposed to have a hexagonal
Cross section 1n a horizontal direction.

Examples of materials which may be used for the reflec-
tion board member 90 1include aluminum, stainless steel, and
copper, and the reflection board member 90 should have a
smooth surface and an excellent heat radiation properties.

The decomposition product gas, which has been decom-
posed 1n the photooxidation decomposition processing unit
65, passes through the outlet portion 84¢, the decomposition
product gas discharge port 91b, and the decomposition

product gas supply line 66 to reach the after-treatment unit
67.

Also, a liquid level sensor 97 for detecting the level of
liguid 1n the aeration vessel 70, which 1s located at an
intermediate portion of the aeration vessel 70, may be
disposed at the outside surface of the photooxidation decom-
position processing unit 635.

Moreover, the control unit 68 1s disposed adjacent to the
photocatalyst reaction portion 86, and may be covered by a
cover member 99 to prevent 1t from being affected by the
heat generated by the ultraviolet light sources 88.

The control unit 68 1includes an earth leakage breaker 100,
a sequencer 101, an outlet 102 for a pump, an inverter circuit
103 for an ultraviolet light source, and a cover member 99.
The control unit 68 can control the entire waste liquid
treatment device including the solvent separation unit 61,
the vaporization treatment unit 63, the photooxidation
decomposition processing unit 65, and the after-treatment
unit 67, and the automatic operation of the device may be
carried out by the sequencer 101.

Also, a treated drainage discharge unit, which includes the
intermediate tube 79 connected to the lower portion of the
acration vessel 70, the electromagnetic valve 83, a waste
liquid tube 104, and a treated drainage storage vessel, 1s
provided so that treated drainage 1s discharged, due to its
welght, to the drainage storage vessel when the electromag-
netic valve 83 1s opened. The intermediate tube 79 and the
branched joint 794 to which the compressed air supply tube
82 1s connected 1n order to supply air from the air pump 81
for the aeration process, are provided at the IN side of the
clectromagnetic valve 83. The intermediate tube 79 may be
used for discharging treated drainage as well as for supply-
Ing air.

The treated drainage storage vessel always maintains a
f1ll-up state so that waste liquid overflowed from the vessel
1s naturally discharged. Also, it 1s designed so that the
concentration of the treated drainage may be confirmed at
any time.
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As shown m FIG. 7, the decomposition product gas
supply line 66 1s connected to the after-treatment unit 67.

The after-treatment unit 67 may be a treatment vessel
having a decomposition product gas inlet portion and an
exhaust gas outlet portion.

Also, 1t 1s preferable that the decomposition product gas
supply line 66, the treatment vessel, and the decomposition
product gas inlet portion be formed by a polymeric material
such as a fluororesin, a polyethylene type resin, or a nylon
type resin, having excellent corrosion resistance properties
and chemical resistance properties.

The treatment vessel may be a substantially square pole
vessel having a bottom surface area of about 100-300 cm?,
a height of about 100-500 cm, and a volume of about 10-30
L. The treatment vessel may be made of a polyethylene type
resin, or a fluororesin, having an excellent corrosion resis-
tance properties. Also, it 1S possible to use a container having
inner surfaces coated by such resins, as the treatment vessel.

As mentioned above, agents for absorbing, adsorbing, and
neutralizing decomposition product gases, which are sup-
plied from the decomposition product gas inlet portion, are
provided 1n the treatment vessel.

Also, 1t 1s preferable that an air diffusing member com-
prising an air diffusing tube or an air diffusing plate be
provided 1nside of the treatment vessel at the decomposition
product gas 1nlet portion in order to increase the after-
treatment efficiency.

The solvent separation unit 61, the vaporization treatment
unit 63, the photooxidation decomposition processing unit
65, and the after-treatment unit 67, which are structural
components of the waste liquid treatment device, are
removable, that whenever a problem occurs, only the com-
ponent experiencing the problem may be exchanged. The
waste liquid treatment device according to an embodiment
of the invention has a width of about 5-15 cm, a depth of
about 12-25 cm, and a height of about 40-90 cm. The
bottom portion of the waste liquid treatment device 1s
formed by a base portion 105.

In the waste liquid treatment device having the above-
mentioned structure, a chlorine containing organic solvent
which 1s finely dispersed 1n a waste liquid 1s separated by the
solvent separation unit 61, and chlorine containing organic
solvent 1n the waste liquid 1s vaporized by the vaporization
treatment unit 63. The vaporized chlorine containing organic
solvent gas 1s photooxidized and decomposed by the pho-
tooxidation decomposition processing unit 65, and the
resultant decomposition product gas including chlorine gas
1s converted to harmless salts by the after-treatment unit 67.
Accordingly, 1t becomes possible to decrease the amount of
chlorine containing organic compounds present 1n treated
drainage and exhaust gas, and the output of chlorine gas,
which 1s a secondary by-product, to be within the range of
emission standard values defined by the Water Pollution
Control Law. Theretfore, the present invention may contrib-
ute to the prevention of environmental pollution.

Also, since the device 1s constructed so that chlorine
containing organic compounds contained 1n waste liquid
supplied from, for example, a dry cleaning device, are
adsorbed by the solvent separation unit 61, vaporized 1n the
vaporization treatment unit 63, and photooxidized and
decomposed 1n the photooxidation decomposition process-
ing unit 65, 1t becomes possible, compared to the case
wherein waste liquid 1s directly subjected to a photooxida-
fion decomposition process, to increase the photooxidation
decomposition treatment efficiency, and hence, the time and
cost required to execute the process may be reduced.

™
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Moreover, since the separation member 72 which forms
the solvent separation unit 61 1s mainly formed by a porous
material made of, for instance, a sintered compact of a
water-repellent and/or lipophilic resin, it becomes possible
to efficiently adsorb a chlorine containing organic solvent
which 1s finely dispersed in waste liquid. This has been
difficult to achieve by using the conventional techniques.

Further, according to an embodiment of the present
invention, the chlorine containing organic solvent which has
been adsorbed by the separation member 72 1s vaporized by
the gas generated by the aeration process, and the resulting
gas can be discharged to the vaporized gas supply line 64
using the pressure 1nside the acration vessel 70. Accordingly,
energy may be efficiently used according to the present
invention. In the above-mentioned manner, the separation
member 72 1s regenerated without being saturated by the
chlorine containing organic solvent, and 1t 1s possible to
repeatedly carry out the solvent separation process.

In addition, since an air diffusion pump which may be
used for a domestic water tank may be utilized as a source
for supplying compressed air used for an acration process, it
becomes possible to decrease the cost required for the
device.

Also, since an air diffusing member 80 comprising an air
diffusing tube or an air diffusing plate may be provided at the
compressed air 1nlet portion 78 at the inside of the aeration
vessel 70, 1t becomes possible to decrease the size of the
bubbles generated 1n waste liquid during an aeration pro-
cess. Accordingly, the contact time and area of the bubbles
with the waste liquid may be 1ncreased, and hence, excellent
acration efficiency can be achieved.

Moreover, since a container which 1s long 1n the vertical
direction 1s used as the aeration vessel 70, 1t becomes
possible to increase the contact time and area of the air with
the waste liquid, and hence, the aeration efficiency may be

improved and the time required for the process may be
shortened.

Further, because the 1nside surfaces of the passage
through which the vaporized gas and/or the decomposition
product gas flows are coated by a polymeric material, such
as a Huororesin or a polyethylene type resin, having excel-
lent corrosion resistance properties, and chemical resistance
properties, or made of such a polymeric material, they are
not significantly corroded by the chlorine gas, efc.

In addition, by using the straight tube member 84a having,
an inner diameter of about 5—30 mm, and a length of about
200—-800 mm 1n the photooxidation decomposition process-
ing unit 65, 1t becomes possible to uniformly irradiate the
entire photocatalyst reaction portion 86 including the center
portion thereof by the ultraviolet light from the ultraviolet
light sources 88. Accordingly, the waste liquid treatment
device of the invention has an excellent photooxidation-
decomposition treatment efficiency.

Also, since photocatalyst granules 85 having a particles
size of about 1-20 mm are used to increase the speciiic
surface area thereof, it becomes possible to increase the
cficiency the photocatalyst granules 85 to make contact
with the vaporized gas, and the light receiving efficiency of
the photocatalyst granules 85. Accordingly, the waste liquid
treatment device of the invention has an excellent
photooxidation-decomposition treatment efficiency.

Moreover, since a mixture of an inorganic powder, which
adsorbs the chlorine containing organic gases or chlorine
gases, and photocatalyst particles 1s used as the photocata-
lyst granules 85, the chlorine containing organic gas, etc. 1s
subjected to a photooxidation-decomposition process while
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adsorbed onto the photocatalyst granules 85. Accordingly,
the waste liquid treatment device of the mvention has an
excellent photooxidation-decomposition treatment
efficiency, and undecomposed chlorine containing organic
materials are not discharged to the outside of the photooxi-
dation decomposition processing unit 65.

Further, since the straight tube members 84a and the
ultraviolet light sources 88 are vertically disposed, the
photooxidation decomposition processing unit 65 has a
vertically elongated structure. Accordingly, it becomes pos-
sible to reduce the area for installing the device of the
invention.

Next, operation of the waste liquid treatment device

according to another embodiment of the mvention will be
described with reference to FIG. 12.

When power 1s supplied to the waste liquid treatment
device of an embodiment of the invention (S101), the device
1s started and the following series of operations are per-

formed under the control of the sequencer 101 in the control
unit 68.

First, the ultraviolet light sources 88 enter a standby mode
(S102).

Then, waste liquid including a chlorine containing
organic solvent 1s supplied to the waste liquid supply unit
from a water separator of a dry cleaning device. When the
supplied waste liquid reaches the upper limit and 1s detected
by an upper limit liquid level sensor disposed 1n a waste
liquid vessel (S103), the ultraviolet light sources 88 are
turned on (S104), a waste liquid supply pump is actuated
(S105), and the waste liquid is supplied to the solvent
separation unit 61 which 1s disposed at the upper portion of
the aeration vessel 70. After this, part of the chlorine
contaming organic solvent which 1s dispersed in the waste
liquid 1n a fine particle state, are adsorbed by the separation
member 72 of the solvent separation unit 61, and the waste
liquid 1n which the rest of the chlorine containing organic
solvent 1s dissolved, 1s supplied to the acration treatment unit

which 1s disposed at the lower portion of the aecration vessel
70.

Then, when the level of the waste liquid 1n the aeration
treatment unit reaches the position of the liquid level sensor
70 disposed at the outside surface of the aeration vessel 70
(S106), the supply of the waste liquid 1s stopped (5106"), and
the air pump 81 is actuated (S107) to start the aeration
process for the waste liquid.

At that time, as the chlorine containing organic solvent
present 1n the waste liquid 1s vaporized, the chlorine con-
taining organic solvent adsorbed by the separation member
72 1s also vaporized by the air including the vaporized
chlorine containing organic solvent and 1s supplied to the
photooxidation decomposition processing unit 63.

After that the chlorine containing organic gas which 1is
supplied to the photooxidation decomposition processing
unit 65, 1s decomposed by the photocatalyst granules 85,
which are excited by the ultraviolet light, 1n the photocata-
lyst reaction portion 86 and converted into water, carbon
dioxide, and chlorine gas, and supplied to the after-treatment
unit 67.

In the after-treatment unit 67, a neutralization-reduction
process 1s carried out by using an alkali 10n solution con-
taining sodium carbonate, sodium bicarbonate, sodium
thiosulfate, etc., to convert the chlorine containing organic
cgas and the chlorine gas into chlorine 1ons which are
dissolved 1n the solution.

Next, when the aeration process has been carried out for
Ticient time to reduce the concentration of the chlorine

SU
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containing organic solvent in the waste liquid to a level
sufficiently below the emission standard value (about 20
minutes), the air pump 81 is stopped (S108), and the aeration
process 1s terminated. After that, the electromagnetic valve
83 is opened (5109), and the drainage in the aeration vessel
70 1s discharged 1nto the treated drainage storage vessel of
the treated drainage discharege unit which 1s separately
provided.

When the discharge of drainage 1s terminated, the elec-
tromagnetic valve 83 is closed (S110), and the air pump 81
is actuated for five minutes (S111) to supply air to the
acration vessel 70 and regenerate the separation member 72.

If the level of the waste liquid in the waste liquid vessel
does not reach the position of the lower limit liquid level
sensor when the regeneration of the separation member 72
is completed (S112), the cycle of S105-S111 explained
above 1s repeated. On the other hand, if the level of the waste
liquid 1n the waste liquid vessel reaches the position of the
lower limit liquid level sensor when the regeneration of the
separation member 72 1s completed (S112), the air pump 81
is actuated for one hour (S113) to supply air into the aeration
vessel 70 and completely regenerate the separation member

72.

After the separation member 1s regenerated, if the level of
the waste liquid which 1s supplied from the water separator
of the dry cleaning device, in the waste liquid vessel again
reaches the position of the upper limit liquid level sensor
disposed in the waste liquid vessel (S114), the cycle of
S105-S111 explained above 1s repeated. On the other hand,
if the level of the waste liquid 1n the waste liquid vessel does
not reach the position of the upper limit liquid level sensor
(S114), the ultraviolet light sources 88 are turned off and
enter the standby mode until the level of the waste liquid in
the waste liquid vessel reaches the position of the upper limit
liquid level sensor.

As explained above, since the waste liquid treatment
processes are automated and the standby mode 1s
introduced, 1t becomes possible to save electric power, to
extend the life of the ultraviolet light sources 88, and to
minimize the cost treating the waste liquid.

Also, mm a cleaning or dry cleaning device using the
above-mentioned waste liquid treatment device, since the
series of processes from the cleaning process to the waste
liguid treatment process may be automated, i1t becomes
possible to decrease the cost of the series of processes.
Moreover, 1in the above device, the efficiency 1n the series of
processes for decomposing the chlorine containing organic
solvent 1n the waste liquid 1s excellent, and also the dis-
charge of secondary by-products may be prevented.

As described above, according to the method for treating
waste liquid of an embodiment of the invention, since the
chlorine containing organic solvent dispersed in the waste
liquid 1n a fine particle state may be readily adsorbed and
removed 1n the solvent separation process, 1t becomes pos-
sible to reduce the time and cost of the waste liquid
treatment process. Accordingly, the amount of chlorine
containing organic compounds 1n drainage or 1n exhaust gas,
or the amount of chlorine gas which 1s a by-product, may be
readily reduced to within the emission standard values.

Also, according to the method for treating waste liquid of
an embodiment of the invention, since the solvent separation
member 1s regenerated by air including a chlorine containing
organic solvent, which has been vaporized in the vaporiza-
fion treatment process, or by fresh air supplied from outside,
the porous materials which form the separation member may
maintain their ability to treat the waste without being
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saturated by the chlorine containing organic solvent.
Accordingly, 1t becomes possible to decrease the cost of the
Process.

Moreover, 1n the waste liquid treatment device according
to an embodiment of the invention, since the control unit 1s
provided, it becomes possible to automatically carry out the
seriecs of waste liquid treatment processes. Accordingly, if
the waste liquid treatment device 1s used for a washing
device, such as a cleaning device, it becomes possible to
automatically start or stop the device depending on the
operational situation. Therefore, it 1s possible to not only
extend the life of the ultraviolet light sources but also to
reduce the cost of the operation without wasting power.

Further, in the waste liquid treatment device according to
an embodiment of the invention, since the device 1s down-
sized and a low-cost domestic pump or air-pump 1s utilized,
the manufacturing cost of the device may be reduced. In
addition, the running cost of the device may also be reduced
and the maintenance of the device can be easily performed.

Also, as described above, since the solvent separators
according to the embodiments of the invention are capable
of continuously carrying out the introduction of waste
liquid, the separation, vaporization, and discharge of the
chlorine containing organic solvent, the discharge of water,
and the regeneration of the porous material which consti-
tutes the separation unit, 1t becomes possible to efficiently

carry out the separation of the chlorine containing organic
solvent.

Moreover, according to the solvent separators of the
embodiments of the present invention, since the chlorine
containing organic solvent 1s adsorbed by the porous mate-
rial by utilizing the differences 1n wetting properties between
the chlorine containing organic solvent and water, 1t
becomes possible to adsorb and separate the chlorine con-
taining organic solvent which 1s dispersed in waste liquid in
a fine particle state. Moreover, the chlorine containing
organic solvent, once adsorbed by the separation member,
does not return to the waste liquid. Accordingly, the sepa-
ration of the chlorine containing organic solvent from the
water 1s carried out substantially completely, and water
discharged from the solvent separator does not contain the
chlorine containing organic solvents.

Having thus described several exemplary embodiments of
the 1nvention, it will be apparent that various alterations,
modifications, and improvements will readily occur to those
skilled in the art. Such alterations, modifications, and
improvements, though not expressly described above, are
nonetheless intended and implied to be within the spirit and
scope of the invention. Accordingly, the invention 1s limited
and defined only by the following claims and equivalents
thereto.

What 1s claimed 1s:

1. A solvent separator, comprising:

an 1ntroduction member which introduces a mixture com-
prising a chlorine containing organic solvent and water;

a separation unit comprising a separation member made
of a water-repellant and/or lipophilic porous material,
which carries out the separation of said mixture,
wherein said separation member has the form of a film,
plate, tube, container, or granules;

a water drainage member through which water separated
by said separation unit 1s discharged; and

a solvent drainage member through which the chlorine
containing organic solvent separated by said separation
unit 1s discharged.



US 6,314,875 B2

27

2. A solvent separator, comprising:

an 1troduction member which introduces a mixture com-
prising a chlorine containing organic solvent and water;

a separation unit comprising a separation member made
of a water-repellant and/or lipophilic porous material,
which carries out the separation of said mixture;

a water drainage member through which water separated
by said separation unit 1s discharged;

a supply member which supplies air to said separation
unit to vaporize said chlorine containing organic sol-
vent; and

an exhaust member through which the air supplied by said
supply member and/or vaporized chlorine containing
organic solvent 1s discharged.

3. A solvent separator according to claim 2, wherein said
separation member has the form of a film, plate, tube,
container, or granule.

4. A dry cleaning device comprising a solvent separator
comprising:

an 1ntroduction member which mtroduces a mixture com-

prising a chlorine containing organic solvent and water;

a separation unit comprising a separation member made
of a water-repellant and/or lipophilic porous material,
which carries out the separation of said mixture;

a water drainage member through which water separated
by said separation unit 1s discharged; and

a solvent drainage member through which the chlorine
containing organic solvent separated by said separation
unit 1s discharged.

5. A method for treating waste liquid comprising the steps

of:

carryling out a solvent separation process in which a
chlorine containing organic solvent present in waste
liquid 1s separated;

carrylng out a vaporization treatment process after said
solvent separation process whereby chlorine containing
organic solvent remaining in the waste liquid 1s vapor-
1zed;

carrying out a photooxidation-decomposition process in

which gas vaporized from the waste liquid 1s subjected
to a photooxidation-decomposition treatment; and

carrying out an after-treatment process 1n which decom-

position product gas produced by the photooxidation-

decomposition treatment 1s converted 1nto a harmless
substrate.

6. A method for treating waste liquid according to claim

5, wheremn said decomposition product gas 1s adsorbed,
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absorbed, and neutralized 1n said after-treatment process to
be converted 1nto a harmless substance.

7. A method for treating waste liquid according to claim
5, wherein said solvent separation process 1s performed prior
to said vaporization treatment process.

8. A method for treating waste liquid according to claim
S, whereln

the waste liquid 1s brought into contact with a separation
member made of a water-repellant and/or lipophilic
porous member so that the chlorine containing organic
solvent present 1n the waste liquid 1s adsorbed by the
separation member 1n said solvent separation process.
9. A method for treating waste liquid according to claim
8, wherein said vaporization treatment process includes a
step of vaporizing the chlorine containing organic solvent
adsorbed by said separation member.
10. A method for treating waste liquid according to claim
5, wherein said vaporization treatment process 1s performed
by using an aeration method.
11. A waste liquid treatment device, comprising;:

a solvent separation unit which separates chlorine con-
taining organic solvent present 1n waste liquid;

a vaporization treatment unit which vaporizes a part of the
chlorine containing organic solvent which was not
separated by said solvent separation unit and remains in
the waste liquid;

a photooxidation decomposition processing unit which
photooxidizes and decomposes gas vaporized from the
waste liquid by said vaporization treatment unit;

an after-treatment unit which converts decomposition
product gas produced by said photooxidation-
decomposition processing unit into a harmless sub-
strate; and

a control unit including a sequencer which controls an
operation of said solvent separation unit, said vapor-
1zation treatment unit, said photooxidation decomposi-
tion processing unit, and said after-treatment unit.

12. A waste liquid treatment device according to claim 11,
wherein said after-treatment unit adsorbs, absorbs, and neu-
tralizes the decomposition product gas in order to convert
the decomposition product gas mto a harmless substrate.

13. A cleaning device comprising the waste liquid treat-
ment device according to claim 11.

14. A dry waning device comprising the waste liquid
treatment device according to claim 11.
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